We sought to estimate the need for surgery in an American population-based cohort of Crohn ' s disease.
INTRODUCTION
Crohn ' s disease is a disabling condition over time. Many patients with Crohn ' s disease will require surgical intervention during the disease course ( 1 ) . Before the era of biologics, the requirement for surgery in referral center data ranged from 17 to 35 % within 5 years aft er initial diagnosis, whereas it ranged from 18 to 33 % within 5 years aft er diagnosis in the most recent studies ( 2 ) . However, most of these studies report surgical trends in patients seen at referral centers and, thus, may be infl uenced by referral bias.
Population-based studies may better refl ect the true spectrum of an illness. Seven diff erent population-based cohorts from the United States, Norway, Denmark, Sweden, Wales, Canada, as well one Europe-wide population-based study reported the need for surgery in Crohn ' s disease ( 2, 3 ) . In a Danish population-based cohort, the probability of surgical resection within 15 years aft er diagnosis was 70 % ( 4 ). More recently, in a Norwegian population-based study, the cumulative probability of surgery during the fi rst 10 years was 37.9 % ( 5 ). Overall, before the era of anti-tumor necrosis factor-α therapies, the rate of surgical requirements ranged from 27 to 61 % at 5 years ( 2 ) .
In the era of biologics and widespread use of immunomodulators, long-term data from population-based studies on the need for surgery in Crohn ' s disease are scarce ( 6 -8 ) . In addition, confl icting data exist regarding changes in surgery rates in Crohn ' s disease over the past decades ( 3, 6, 9 ) . Risk factors for surgery in Crohn ' s disease were assessed in two Scandinavian population-based cohorts. Notably, disease location, stricturing or penetrating disease behavior, and early use of steroids or thiopurines were independent factors aff ecting likelihood of intestinal surgery ( 5, 6, 10 ) . Risk factors associated with the need for surgery in Crohn ' s disease have never been formally investigated in US populationbased cohorts.
Th e aim of this study was therefore to update the cumulative probability of surgery in Crohn ' s disease in a well-defi ned population-based cohort, to identify baseline factors associated with need for surgery, and to evaluate changes in surgery rates over time. We also investigated the indications for and type of surgery performed for Crohn ' s disease.
METHODS

Patient selection
Th e population-based inception cohort of subjects with Crohn ' s disease has been previously described ( 11, 12 ) and was updated through March 2009 for this study.
Study setting
Olmsted County is situated in southeastern Minnesota and had approximately 124,000 people at the 2000 US Census. In 2000, 89 % of the population were non-Hispanic whites. Although 25 % of county residents are employed in health care services (vs. 8 % nationwide) and the level of education is higher (30 % have completed college vs. 21 % nationwide), the residents of Olmsted County are otherwise socioeconomically similar to the US white population ( 13 ) .
Rochester Epidemiology Project
Th e Rochester Epidemiology Project is a unique medical records linkage system developed in the 1960s and funded in part by the National Institutes of Health. It exploits the fact that virtually all of the health care for the residents of Olmsted County is provided by two organizations: Mayo Medical Center (Mayo Clinic and its hospitals, Rochester Methodist and Saint Marys) and the Olmsted Medical Center (a multispecialty clinic and its hospital, Olmsted Community Hospital). Diagnoses generated from all outpatient visits, emergency room visits, hospitalizations, nursing home visits, surgical procedures, diagnostic studies, autopsy examinations, and death certifi cates for all county residents seen since 1908 are recorded in a central diagnostic index ( 13, 14 ) . In any 3-year period, over 90 % of county residents are examined at one of the two health care systems ( 13 ) . Th us, it is possible to identify all diagnosed cases of a given disease and all diagnostic examinations, including radiological studies, performed in these subjects. Th e resources of the Rochester Epidemiology Project have been used to identify Olmsted County residents diagnosed with Crohn ' s disease from 1940 to 2004 ( 11, 12 ) .
Case ascertainment
With approval from the Institutional Review Boards of Mayo Foundation and Olmsted Medical Center, the records of 310 patients who had not denied permission for research access to their medical records and who were fi rst diagnosed with Crohn ' s disease between 1 January 1970 and 31 December 2004 were reviewed. Demographic information including date of birth, date of symptom onset, date of diagnosis, disease type and extent were previously obtained ( 11, 12 ) . Using the date of symptom onset to the last date of follow-up (through March 2009), the duration of follow-up was recorded for each patient. Major abdominal surgery was defi ned as any surgery except perianal surgery or endoscopic dilation.
Statistical analysis
Some demographic and clinical factors such as age, gender, smoking status, family history, and extra-intestinal manifestations were recorded at the date of diagnosis, whereas disease extent, disease behavior, perianal disease, and medication use during the fi rst 90 days aft er diagnosis were recorded. Th e analyses of the association of these factors with time to fi rst major abdominal surgery were thus considered two diff erent " start times " (relative time zero): the date of diagnosis and separately 90 days post-diagnosis. Th e overall cumulative incidence ( % ) of major abdominal surgery, bowel resection, and ileal / ileocolonic resection were estimated using the Kaplan -Meier method (using date of diagnosis as the start time) and 95 % confi dence intervals (95 % CIs) based on the log transformation with modifi ed lower limit method. Among patients with any one of these events, the cumulative incidence of a second event was estimated using the same method, using the date of fi rst event as the start time, and similarly for cumulative incidence of a third event among patients with two events. Types and indications of major abdominal surgery were summarized descriptively ( n , % ). Univariate associations between baseline factors and time to fi rst event were assessed using proportional hazards regression, and expressed as hazards ratios (HRs) with 95 % CI. Multiple variable proportional hazards models were also examined, and in these models the start time was 90 days post diagnosis. Th e association between medication use and time to fi rst major abdominal surgery was evaluated using Cox proportional hazards regression models (both univariate and multiple variable). Temporal changes in the time to initial major abdominal surgery were assessed (5-year periods beginning in 1970) using the earliest period (1970 -1974) as the reference level. Th e number of surgeries per year of follow-up for major abdominal surgery, bowel resection, and ileal / ileocolonic resection were also summarized descriptively, and temporal trends in these rates assessed using a generalized linear regression model (assuming a negative binomial distribution to accommodate overdispersion, logit link function, and log duration of follow-up as an off set). Th e analyses were 
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RESULTS
Patient characteristics at time of diagnosis
One hundred and fi ft y-six (50 % ) of the 310 patients were male ( Table 1 ). According to the Montreal classifi cation ( 15 ) , only 33 patients (10 % ) were younger than 16 years old at diagnosis (A1), 177 (57 % ) were between 17 and 40 years old at diagnosis (A2), and 100 (32 % ) were older than 40 years at diagnosis (A3). Approximately one third of patients each had ileitis (96 (31 % )), colitis (102 (33 % )), or ileocolitis (103 (33 % )) at the time of diagnosis, with the remaining 7 (2 % ) being gastroduodenal. Two hundred and forty-nine (81 % ) patients had non-stricturing and non-penetrating disease (B1), 14 patients (5 % ) had stricturing disease (B2), and 43 (14 % ) had penetrating disease (B3). Perianal disease (p) was noted in 51 patients (17 % ) before or within 90 days of Crohn ' s disease diagnosis. One hundred and fi ft y-six patients (52 % ) were non-smokers, whereas 98 patients (33 % ) were current smokers. A familial history of IBD was reported by 43 patients (14 % ). Extraintestinal manifestations at the time of diagnosis were noted in 46 patients (15 % ). Median follow-up subsequent to Crohn ' s disease diagnosis in all patients was 12.0 years, and in the 158 patients with no major surgeries, it was 9.8 years (range, 2 months to 38.1 years).
Cumulative incidence of major abdominal surgery
Among the 310 patients, 152 subjects underwent at least one major abdominal surgery at the time of or aft er the diagnosis of Crohn ' s disease. Th e median number of major abdominal surgeries per person-year of follow-up was 0.0 (interquartile range, 0.0 -0.14), with a mean ( ± s.d.) of 0.25 ( ± 1.32). Th e cumulative probability of fi rst major abdominal surgery from time of diagnosis was 38. 
Type of fi rst major abdominal surgery
Th e fi rst major abdominal surgery included an ileal or ileo cecal resection in 110 out of 152 patients (72.4 % ), and total proctocolectomy in 16 patients (10.5 % ; Table 2 ). Subtotal colectomy with ileorectal anastomosis, a diverting procedure, and drainage of abscess were performed in 10, 9, and 8 patients, respectively. Other initial abdominal surgeries included abdominal exploration without bowel resection, gastrojejunostomy, segmental colectomy, right hemicolectomy, jejunal resection, and stricturoplasty.
Th e fi rst patient to be operated on via laparoscopic techniques underwent ileocecal resection on 23 December 1997. Th e fi rst 
Indications for fi rst major abdominal surgery
Th e main indications for surgery were obstruction or medical therapy failure in 37 out of 152 patients (24 % ) each, perforation or abscess in 10 % each, fi stulizing disease in 8 % of subjects, intestinal cancer in 4 % of patients, and severe perianal disease, bleeding, or severe pain in 3 % each ( Table 3 ).
Factors associated with major abdominal surgery
Th e association of baseline factors known at diagnosis with the time to surgery was assessed in all 310 patients, using univariate proportional hazards regression ( Supplementary Table 2 Years from diagnosis One patient could undergo more than one surgical procedure at the same time. Among patients who had already undergone a fi rst major abdo minal surgery, the use of antibiotics (HR, 8.8; 95 % CI, 3.9 -19.7) and corticosteroids (HR, 2.5; 95 % CI, 1.3 -4.6) were signifi cantly associated with time to second abdominal surgery in univariate analysis. Associations between 5-aminosalicylate use (HR, 1.6; 95 % CI, 0.9 -2.7), immunosuppressives (HR, 1.3; 95 % CI, 0.7 -2.6), and anti-tumor necrosis factor agents (HR, 0.5; 95 % CI, 0.1 -3.9) and second abdominal surgery were not signifi cant. Similar fi ndings were seen in the multiple variable model (data not shown).
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Changes in major abdominal surgery rates
Th e study population was divided into seven groups by year of diagnosis: 1970 -1974, 1975 -1979, 1980 -1984, 1985 -1989, 1990 -1994, 1995 -1999 Th e association of factors known within the fi rst 90 days of the diagnosis (disease extent, disease behavior, perianal disease status, and early medication use) were also assessed using proportional hazards regression (start time at 90 days post-diagnosis; Supplementary Table 2 online ). A total of 249 patients were included in these analyses (2 patients did not have a major surgery but had fewer than 90 days of follow-up, whereas another 59 patients had their fi rst major surgery less than 90 days from diagnosis). Relative to patients with colonic extent, patients with isolated terminal ileal disease or ileocolonic extent were at an approximately threefold increased risk of having major abdominal surgery (HR, 3.1; 95 % CI, 1.8 -5.4 for both extent categories). Upper gastrointestinal disease was associated with an almost four-fold increased risk of major abdominal surgery (HR, 3.7; 95 % CI, 1.1 -12.5). Overall, disease behavior was associated with time to initial major abdominal surgery ( P = 0.04). Penetrating disease behavior noted during the 90-day post-diagnosis period relative to non-penetrating / non-stricturing behavior was associated with an increased risk of having major abdominal surgery (HR, 2.8, 95 % CI, 1.2 -6.4). Medication use within the fi rst 90 days and presence of perianal disease were not signifi cantly associated with major abdominal surgery.
A multiple variable proportional hazards regression model was used to identify factors signifi cantly associated with time to surgery ( Table 4 ). A total of 249 patients were included in this analysis; specifi cally, patients with at least 90 days of follow-up aft er diagnosis and who had not had a fi rst major abdominal surgery within 90 days of the diagnosis. Male gender (HR, 1.6; 95 % CI, Table 3 online ).
A separate proportional hazards model using the total cohort ( n = 310) to assess the association with calendar period (using the period 1970 -1974 as a reference) indicated the cumulative risk of a fi rst major abdominal surgery remained stable over the past four decades ( P = 0.60). Including age, gender, and early presence of extra-intestinal manifestations did not qualitatively change this result ( Supplementary Table 4 online ) . Similarly, when considering the number of major abdominal surgeries per year (per patient) instead of time to initial major abdominal surgery, no signifi cant association of calendar period with surgery rates was observed, P = 0.51 ( Table 5 ).
Bowel resection and ileal / ileocolonic resection
Similar trends were observed for bowel resection and ileal / ileocolonic resection. Th ese results are available as Supplementary material online .
DISCUSSION
Th is is the fi rst study investigating the incidence of and risk factors for surgery, as well as changes in surgery rates over time in a US population-based cohort of Crohn ' s disease.
In Olmsted County, the earliest report indicated that 41 % of patients with Crohn ' s disease diagnosed between 1935 and 1975 
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Surgery in a Cohort of Crohn ' s Disease small bowel resections had not declined ( 9 ) . Admittedly, this study is more diffi cult to interpret, because total surgical hospitalizations nationwide are aff ected not only by surgical rates but also by incidence rates. In other words, a decreasing surgical rate among Crohn ' s disease patients could be off set by an increasing incidence of Crohn ' s disease to produce a seemingly stable total number of surgical hospitalizations. Th e main diff erence between Olmsted County and Cardiff is the fact that the need for surgery was much lower in the 1980s in the United States than in Wales ( 6 ) (43.7 vs. 59 % at 5 years, respectively). Th e cumulative probability of having major abdominal surgery was even lower for patients diagnosed between 1970 and 1974 (37.5 % at 5 years) than for those diagnosed about 10 years later in Olmsted County. Th e reasons for such a discrepancy remain unknown. Other yet to be identifi ed environmental or genetic factors unique to geographical diff erences could explain, at least in part, the disparity in surgery rates observed between North American and European studies. Indeed, it is unlikely that diff erences in diagnostic and therapeutic modalities explain such disparity between two developed countries.
One of the strengths of our study resides in the fact that this is a population-based study linked to the Rochester Epidemiology Project, which allows accessibility to all medical records of patients diagnosed with Crohn ' s disease. Th is provides complete medical follow-up for county residents. Indeed, the median follow-up per patient was 12.0 years. Limitations of this study include the fact this is a retrospective medical-records-based study; thus, information not recorded in the medical records would be missed. Th e main limitation to our study is that it did not evaluate the impact of modifi able factors such as ongoing medical therapies.
In Norway, 9 % of patients with Crohn ' s disease required 2 or more operations aft er a 10-year follow-up ( 5 ) . Similarly, in Denmark, with a median follow-up of 8.5 years, 14 % of patients were operated on 2 times and 3 % had 3 or more operations ( 4 ) . In Olmsted County, we found that 65 (21 % ) and 32 (10 % ) patients, respectively, underwent at least 2 or 3 abdominal major surgeries during a median follow-up of 12 years. Importantly, the cumulative probability of second major abdominal surgery among patients who had fi rst major abdominal surgery was high, reaching 44.9 % at 10 years.
Th e indications for surgery were only assessed in Olmsted County (1935 -1975) and in Stockholm County (1955 -1994) ( 10, 16 ) , and had never been investigated in the era of biologics and widespread use of immunomodulators. In Olmsted County, 21 % of those who required operation presented emergently with an acute abdomen ( 16 ) . Th e indications for surgery were intractable pain in 79 % , obstruction in 33 % , bleeding in 36 % , diarrhea in 64 % , and fi stula in 17 % ( 16 ) . By updating Olmsted County data, the main indications for surgery were obstruction or medical therapy failure in 24 % of cases, indicating that intractability to medical treatment requiring surgery remains frequent in Crohn ' s disease.
Th e type of surgery performed for Crohn ' s disease was evaluated in three population-based cohorts ( 6, 16, 17 ) . In Olmsted County (1935 -1975) , resection of the colon and / or small bowel was the surgical procedure in approximately two-thirds of operations, 10 % underwent at least one disease-related abdominal surgical procedure aft er a median follow-up of 8.5 years since the diagnosis ( 16 ) . Herein, the cumulative probability of fi rst major abdominal surgery from time of diagnosis was 38.2 and 47.6 % at 5 and 10 years, respectively. When comparing our update with the previous report from the same cohort, the risk of a surgical procedure remained broadly stable over time, with approximately half patients having required resection by year 10. Th is was confi rmed by the analysis of changes in surgical rates over the past decades. Using the period 1970 -1974 as a reference, the cumulative risk of having major abdominal surgery or bowel resection remained stable over the past four decades. Similar fi gures were observed when considering the number of surgical procedures per year instead of the cumulative probability of surgery.
Recently, several population-based studies specifi cally addressed the issue of surgical time trends in Crohn ' s disease ( 3, 6, 9 ) . In a population-based cohort of patients diagnosed in Cardiff , Wales, from 1986 to 2003, 5-year resection rates for Crohn ' s disease fell signifi cantly, from 59 % (1986 -1991) to 25 % (1998 -2003) ( 9 ) . In the Canadian province of Manitoba, patients diagnosed between 1996 and 2000 were 28 % less likely to require surgery, and those diagnosed aft er 2001 were 43 % less likely to require surgery, compared with a baseline cohort of patients diagnosed before 1996 ( 3 ). By contrast, in Olmsted County, the cumulative probability of fi rst major abdominal surgery from time of diagnosis remained stable over time, Assessment of rates of major abdominal surgery was assessed using a generalized linear regression model (assuming a negative binomial distribution for surgeries). Gender ( P =0.20) and year ( P =0.28) were not signifi cant. The rate of surgery in the fi rst 5 years post-diagnosis was signifi cantly higher than in subsequent years of the clinical course ( P < 0.001).
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had a total proctocolectomy, and surgery was considered " palliative " in approximately one-third of operations ( 16 ) . In Cardiff (1986 -2003) , in agreement with our fi ndings, ileocecal resection was the main indication for surgery and was performed in 67 % of patients ( 6 ) . Stricturoplasty was performed in 7 % of patients in Cardiff and was the second main indication for surgery ( 6 ) , whereas in this cohort, only one out of 310 patients underwent stricturoplasty. Th is may refl ect diff erences in surgical management of small bowel strictures. Th e fi rst abdominal surgery was a total proctocolectomy in 10. ( 5, 6, 10 ) . Ileal disease, ileocolonic disease, orojejunal disease, oral corticosteroid therapy within 3 months of diagnosis, early use of thiopurines within the fi rst year of diagnosis, age younger than 40 years or older than 30 years, as well as structuring or penetrating disease behavior, were identifi ed as independent factors for having surgery in Crohn ' s disease ( 5, 6, 10 ) . In Olmsted County, multivariate analysis confi rmed that patients with ileocolonic, small bowel, and upper gastrointestinal disease have a three-to four-fold increased risk of major abdominal surgery compared with colonic disease. Only one population-based study assessed the infl uence of smoking habits on the need for surgery ( 5 ) . In sharp contrast to available literature data, smoking status did not infl uence the risk of surgery signifi cantly ( 5 ) . Th e data from Olmsted County are thus the fi rst to confi rm the well-established deleterious eff ect of active smoking on the course of Crohn ' s disease in a well-defi ned population-based cohort. Gender was not associated with the need for surgery in most available population-based cohorts ( 5, 6, 10 ) . In Olmsted County, male gender was slightly but signifi cantly associated with the risk for surgery. Further studies should confi rm if male gender is an independent risk factor for Crohn ' s disease. Penetrating disease behavior at diagnosis was associated with a higher risk for surgery.
Th e results regarding medication use and surgery risk must be interpreted carefully. Observational studies are subject to bias by indication (i.e., patients with more severe forms of disease are not only more likely to receive a medical intervention, but are also more likely to develop natural history endpoints that are related to disease severity). Th e seemingly " protective " eff ect of 5-aminosalicylates on the risk of surgery most likely arises from the fact that such medications are more likely to be prescribed to patients with milder forms of Crohn ' s disease, and that patients with milder Crohn ' s disease are less likely to require surgery.
In conclusion, the cumulative risk of major abdominal surgery in this population-based cohort of Crohn ' s disease exceeded 60 % aft er 30 years of disease, and many patients required second or third surgeries. No changes in surgical rates were observed over the past four decades. Non-colonic disease extent, current cigarette smoking, male gender, penetrating disease behavior, and early need for corticosteroids were signifi cantly associated with need for major abdominal surgery. A better knowledge of the natural history of Crohn ' s disease in the era of biologics, together with the identifi cation of risk factors for surgery, may be used in future disease-modifi cation trials.
